Okadaic acid (OA) induced marked shape changes of human platelets but neither granule secretion nor increase in [Ca2+]i occurred. Morphological changes induced by OA were unique and different from those observed with thrombin mainly in two respects. One is that the pseudopods formed by OA treatment were longer and straighter than those by thrombin. The other is that no granule centralization was observed with OA-treatment, although central condensation of cytofilaments was observed as was with thrombin. The immunocytochemical analysis employing anti-myosin antibody revealed that myosin was distributed in the elongated pseudopods. Since OA induced phosphorylation of the 20-kDa myosin light chain (MLC20) corresponding to the change in shape of platalets but did not induce phosphorylation of the 47-kDa protein (pleckstrin) (Higashihara M. et al. FEBS Lett. 307: 206-210, 1992), these results suggest that phosphorylation of MLC20 plays an important role in OA-induced unique morphological changes of platelets.
Introduction
Platelets play an important role in hemostasis and thrombus formation.
In platelet cytoplasm, contractile proteins such as actin and myosin are the dominant proteins which are thought to have important roles in cellular activation (Pollard et al., 1977; Korn, 1978) .
Stimulation of platelets by various agonists such as thrombin, leads to the activation of the phosphoinositide-specific phospholipase C which produces diacylglycerol and inositol triphosphate (IP3). Diacylglycerol activates the Ca2+-phospholipid-dependent protein kinase (protein kinase C), which predominantly phosphorylate the 47k-dalton protein (pleckstrin) (Tyers et al ., 1988) . IP, releases Ca2+ from the intracellular Ca2+ pool (Brass and Joseph , 1985) , thus increasing [Ca2+]i which activates Ca2+/calmodulin-dependent myosin light chain kinase (MLC kinase), phosphorylating the 20,000-dalton myosin light chain (MLC20) (Daniel et al., 1984) .
The phosphorylation of MLC20 is thought to be a trigger for the activation of contractile apparatus in platelet myosin (Adelstein and Conti, 1975) as is well known in smooth muscle myosin (Ikebe and Hartshorne, 1985) . The activation mechanism of phosphorylation dependent regulation of actomyosin is best understood for smooth muscle myosin but it is known that biochemical and biophysical properties of platelet myosin are similar to those of smooth muscle myosin (Ikebe and Reardon 1990; Higashihara et al., 1991) , and it is thought that a similar mechanism is operating for the regulation of platelet actomyosin.
Most agonists activating phospholipase C drive two signalling pathways, i. e., protein kinase C pathway and Ca2+/calmodulin pathway, thus inducing the phosphorylation of both pleckstrin and MLC20 in platelet. This makes it hard to investigate the role of each phosphorylation in platelet activation, i. e., granule secretion or shape change. Although it is reported that low dose of A23187 or TPA can phosphorylate MLC20 or pleckstrin alone, respectively (Kaibuchi et al., 1983) , the conditions, i. e., dose and time course to obtain such specific phosphorylation are rather complicated.
In this study, we used okadaic acid (OA) as a probe to overcome this difficulty. OA, a polyether derivative of a C38-fatty acid which was originally isolated from the marine sponges of the genus Halichondria okadai (Tachibana et al., 1981) , is a potent inhibitor of protein phosphatases type 1 and type 2A, but not type 2B and 2C (Cohen et al., 1990) . Thus, OA can serves as a useful probe to investigate the identity of phosphatases responsible for the regulation of cell functions. It was found previously that OA induces phosphorylation of MLC20 without pleckstrin phosphorylation (Lerea, 1991; Higashihara et al., 1992 
Platelet function experiments
Human platelet-rich plasma and washed platelets were prepared as described elsewhere (Higashihara et al., 1985a Immunostaining Ultrathin sections of Lowicryl K4M-embedded specimens were treated with 5% normal goat serum in PBS for 10 min, then with rabbit anti-human platelet myosin polyclonal antibody for 1 h at room temperature followed by labeling with colloidal gold (10 nm in diameter)
conjugated with goat anti-rabbit IgG polyclonal antibody. Sections were post-stained with lead citrate and uranyl acetate, then observed under the transmission electron microscope .
Control studies using normal rabbit IgG instead of specific antibody revealed no staining confirming the specificity of the staining.
Others SDS polyacrylamide gel electrophoresis (SDS-PAGE) was performed according to the method of Laemmli. Platelets were incubated with 1 mM [32P] phosphoric acid at 37°C for 1 h in HEPES-Tyrode's buffer. After addition of various agonist to prelabeled washed platelets , platelets were directly subjected to SDS-PAGE, stained with 0.1% Coomassie Brilliant Blue, dried on filter paper and then exposed to Kodak X-Omat film. The relative intensity of each band was quantitated by measuring the absorbance at 430 nm using a Shimazu dual-wavelength chromatogram scanner, model CS-910.
Results
and Discussion OA (10 ,u M) induced a gradual increase in MLC20 phosphorylation ( Fig.  1) , which confirms our previous results (Higashihara et al., 1992 Thrombin also induced prominent pseudopods but they are not so long compared with those induced by OA. Fig. 3 
